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INTRODUCTION

In 1988 the Virginia Department of Forestry (VDOF) began a rigorous forestry best management
practice (BMP) inspection program. The State Forester’s Task Force for Water Quality established
an operational goal of inspecting all timber harvests in Virginia that are 5 acres in size or larger.
This has resulted in over 40,452 inspections since 1993 when records were centralized in the
VDOF information management system database (IMS).

A semi-annual Best Management Practice Field Audit was also initiated in 1993 as a means to
accurately document activities in three categories: BMP effort, BMP implementation, and BMP
effectiveness. The field audit procedure and method were designed to be statistically rigorous,
to facilitate consistency in application and interpretation year-to-year, and to be simple to
implement, interpret, communicate, and understand. The procedures, method of data collection,
and interpretation of results have not changed over the 10-year interval from 1993 to 2003. This
allows meaningful analysis of data and trends. This report summarizes data collected during 17
semi-annual field audits for the period beginning November 1993 and ending June 2003.

METHODS

The purpose of the Best Management Practice Field Audit is to accurately document BMP effort,
BMP implementation, and BMP effectiveness, and any changes in these parameters over time.
An important component of the audit is keeping these categories distinct. Doing so provides
accurate feedback, identifying specifically to what extent and in which areas of activity failures
and successes are found. For example, identifying progress in BMP implementation and,
separately, BMP effectiveness, allows the isolation of trends in each category to avoid confusing
them. This specific information, consistently and accurately collected, yields information that
can improve management decisions.

In June and again in November of each year, 30 sample sites are randomly selected from the
timber harvests listed in the VDOF information management system database as having been
inspected by VDOF or industry cooperators during the previous six months. These tracts are
selected using a random number generator, from final inspections of closed operations made in
each of the Virginia Department of Forestry’s six regions.
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A group of audit team members is assembled and, after site selection, the randomly chosen sites
are divided among the group members for inspection. Each group member, alone or with an
assigned partner, travels to his or her assigned area to be audited. Local VDOF field personnel
may help each group locate its assigned sites. Information is collected at each site using a standard
BMP Effort, Implementation, and Effectiveness Audit Sheet, shown in Figure 1. The audit sheets
are returned to the VDOF forest hydrologist who tabulates, summarizes, and reports the results.

Figure 1: An example of the tally sheet used in all VDOF BMP field audits.

In the field every effort is made to adhere to a consistent observation and data collection
methodology. All data recorded on the audit sheet are determined by actual field observations
made during the field inspection. Questions in each audit category are designed to prevent
ambiguous responses. Questions have remained effectively the same during the 10-year period.
Two members of the current audit team, Samuel Austin and Matt Poirot, have participated in
each of the 17 field audits. The result is data that are accurate and comparable year-to-year.
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RESULTS

BMP Effort

BMP Effort is a measure of the attempt to use best management practices. The question asked
is: Has an effort been made to use best management practices regardless of VDOF technical
specifications (yes or no)? Any evidence of an attempt to implement one or more best management
practices yields a positive evaluation (yes) in this category. It is not necessary to implement a
BMP fully or meet VDOF technical criteria in order to receive a positive (yes) evaluation. The
State Forester’s Task Force suggested the addition of this metric after the November 1993 BMP
Field Audit was completed. Consequently, these data were not collected during the first BMP
Field Audit.

The table in Figure 2 lists the percentage of sampled timber harvests in each field audit that
received a positive evaluation (yes) in the BMP effort category. These data and confidence intervals
are plotted on the graph in Figure 2. The black trend line shows that BMP effort has increased
over time.1

Figure 2: BMP Effort Trend: r2 = 0.3403, deviation of the regression from 0 slope is
significant.

1 A linear regression of these data yields a positive, upward sloping, trend that is statistically significant, as represented
by the black line. This means that the upward slope of the regression line is statistically different from a line with a
zero slope.
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The quality of BMP effort is also evaluated. At each site, quality of BMP effort is ranked on a
scale from 1 (poor) to 5 (excellent). Average values of these figures for individual audits have
ranged from 2.5 to 3.3 with an overall average of 2.9. These values are listed in the table and
plotted on the graph in Figure 3. The black trend line in Figure 3 is statistically similar to a line
with no slope, indicating that over time the average quality of BMP effort has not changed with
any statistical significance.2

Figure 3: BMP Effort Average Quality Ranking Trend: r2 = 0.1687, deviation of the
regression from 0 slope is not significant.

2 A linear regression of these data yields a slightly positive upward sloping trend as represented by the black line
that in this instance is statistically insignificant. This means that the upward slope of the regression line is no
different statistically than a line with a zero slope (a horizontal line).
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BMP Implementation

BMP Implementation is a measure of the attempt to implement best management practices to
the standards described in VDOF technical guidance. The question asked is: Were all necessary
best management practices applied to technical specifications as expressed in the Virginia
Department of Forestry BMP manual (yes or no)? Implementation of all necessary best
management practices, to the standards described in VDOF technical guidance, yields a positive
evaluation (yes) in this category. Only those BMP necessary for the site under consideration
need be applied to VDOF standards in order to receive a positive (yes) evaluation.

The table in Figure 4 lists the percentage of sampled sites that received a positive evaluation
(yes) in the BMP implementation category. These data and confidence intervals are plotted on
the graph in Figure 4. The black trend line shows that BMP implementation has increased over
time.3

Figure 4: BMP Implementation Trend: r2 = 0.2943, deviation of the regression line
from 0 slope is significant.

3 A linear regression of these data yields a positive, upward sloping, trend that is statistically significant, as represented
by the black line. This means that the slope upward of the regression line is statistically different from a line with
a zero slope.
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Active Sedimentation

Active Sedimentation is a measure identifying active sediment delivery to a nearby stream or
other water body, at the time the field audit is performed, as a consequence of not implementing
all necessary BMP to the standards specified by VDOF. The question asked is: Does sedimentation
from surface runoff exist now due to not meeting Virginia Department of Forestry technical
specifications (yes or no)? Field observation of active erosion tied directly to deposition of soil
in a stream or water body yields a positive evaluation (yes) in this category. A continuous pathway
such as a rill or gully directly connected to observed delivery of soil to the streambed or water
body is needed in order to receive a positive (yes) evaluation. The quantity of sediment delivered
is not evaluated, only evidence that the process is active.

The table in Figure 5 lists the percentage of sampled sites that received a positive evaluation
(yes) in the active sedimentation category. These data and confidence intervals are plotted on the
graph in Figure 5. The black trend line shows that active sedimentation has decreased over
time.4

Figure 5: Active Sedimentation Trend: r2 = 0.3321, deviation of the regression line
from 0 slope is significant.

4 A linear regression of these data yields a negative, downward sloping, trend that is statistically significant, as
represented by the black line. This means that the downward slope of the regression line is statistically different
from a line with a zero slope.
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BMP Effectiveness In Limiting Active Sedimentation

Active sedimentation is further quantified with a second question: Does sedimentation from
surface runoff exist now because technical specifications have not been effective? This question
deals directly with BMP effectiveness. BMP must be fully implemented to the standards specified
in VDOF technical guidance and active erosion tied directly to deposition of soil in a stream or
water body must be observed in order to receive a positive (yes) evaluation. To date 0.7 percent
of audited tracts have received a positive evaluation (yes) in this category. This is a clear indication
that active sedimentation is negligible when best management practices meet technical
specifications.
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Potential Sedimentation

Potential Sedimentation is a measure identifying conditions likely to initiate sediment delivery
to a nearby stream or other water body, as a consequence of not implementing all necessary
BMP to the standards specified by VDOF. The question asked is: Does the potential exist for
sediment from surface runoff to develop due to not meeting Virginia Department of Forestry
technical specifications (yes or no)? Field observation of exposed soil adjacent to a stream or
water body and other indicators suggesting erosion and sediment deposition are imminent yields
a positive evaluation (yes) in this category. Observed field conditions such as inadequate BMP
near a water body, exposed mineral soil or erosion adjacent to a water body, are needed in order
to receive a positive (yes) evaluation. The quantity of potential sediment is not evaluated, only
evidence that landscape conditions are conducive to initiating the process if rainfall occurs.

The table in Figure 6 lists the percentage of sites that received a positive evaluation (yes) in the
potential sedimentation category. These data and confidence intervals are plotted on the graph in
Figure 6. The black trend line shows that potential sedimentation has decreased over time.5

Figure 6: Potential Sedimentation Trend: r2 = 0.7024, deviation of the regression line
from 0 slope is significant.

5 A linear regression of these data yields a negative, downward sloping, trend that is statistically significant, as
represented by the black line. This means that the downward slope of the regression line is statistically different
from a line with a zero slope.
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BMP Effectiveness In Limiting Potential Sedimentation

Potential sedimentation is further quantified with a second question: Does the potential exist for
sediment from surface runoff to develop because technical specifications have not been effective?
This question deals again with BMP effectiveness. BMP must be fully implemented to the
standards specified in VDOF technical guidance and field conditions must be observed indicating
that erosion and sediment deposition are imminent in order to receive a positive evaluation (yes)
in this category. To date 2.8 percent of audited tracts have received a positive evaluation (yes) in
this category. This is a clear signal that potential sedimentation is minimal when best management
practices meet technical specifications.

DISCUSSION

Percentages computed from the data collected in each audit have varied year to year. Now
however, with data in hand spanning 10 years of measurements, statistically significant trends
have emerged. This suggests that a consistent and straightforward method of measurement and
evaluation, applied to distinct BMP categories and documented design criteria, can yield accurate
information and trends over time that are useful to management decision making.

CONCLUSION

The VDOF Best Management Practice Field Audits have, and continue to provide, accurate
documentation of BMP effort, BMP implementation, and BMP effectiveness, and changes in
these parameters over time. The audit results reflect the large scope of work, commitment and
high standards expressed in the goals of the Virginia Department of Forestry water quality
program.
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APPENDIX: STATISTICAL METHODS

Determining Confidence Intervals

The 95% confidence interval for each (yes/no) question in the BMP field audit is computed
using the Wald equation. This equation is well suited to data that have two possible outcomes,
such as “yes” or “no,” and that can be represented in a proportion. Additional discussion of the
Wald equation can be found in “The American Statistician, 52: 119-126, 1998. The equation is
shown in Figure 7.

Figure 7: Wald equation.

Applying the Wald equation yields statistics in each category of interest, BMP Effort, BMP
Implementation, Active Sedimentation, Potential Sedimentation, and BMP Effectiveness. These
values are shown in Figures 2, 4, 5, and 6 for each audit completed to date. These are the same
values shown as confidence interval “error bars” in the trend graphs.
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Determining Trends

A simple linear regression is performed on the data in each category to determine if we have
observed a statistically significant trend over time. If the slope of the regression line is statistically
different from a zero slope, then a statistically significant trend is thought to exist. Linear regression
of the BMP Effort, BMP Implementation, Active Sedimentation, and Potential Sedimentation
datasets, results in a statistically significant trend in each. In each instance the slope of the
regression line is significantly different from zero, as indicated in the trend analysis summaries
shown in Tables 1 through 4.

Table 1: BMP Effort Trend Analysis. Table 2: BMP Implementation Trend Analysis.

Table 3: Active Sedimentation Trend Table 4: Potential Sedimentation Trend
Analysis. Analysis.
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Identifying the Extent of Departure from Technical
Standards

Best management practices may be organized into nine major categories. These are: stream
crossings, water control structures, seeding/vegetative cover, stream side management zones,
trail/road grade, rutting, gravel/mats, oil spill/trash, and other.

Identifying the number of major BMP categories that fall short of full compliance with technical
guidance provides additional insight into change over time. Table 5 lists this information showing
the percentage of tracts in each field audit organized by the number of necessary BMP categories
that fall short of full compliance with BMP technical standards. These percentages are not related
to the figures presented in the body of the report. They offer a supplementary indication of the
extent of departure from technical standards. Less than full compliance may be identified in
zero (0) to nine (9) BMP categories as shown at the top of Table 5. Figures in the left-most
column of percentages in Table 5, showing non-compliance in the zero (0) category, indicate the
percentage of tracts in full compliance with all necessary best management practices.6

For example, in June 2003, 34 percent of surveyed sites were in full compliance with all necessary
best management practices. Also in June 2003, 7 percent of surveyed sites had 4 necessary
major BMP categories that did not fully meet the standards identified in best management practice
technical guidance.

Table 5: Percent of Sites In Less Than Full Compliance Organized by Number of BMP
Categories.6

The BMP categories are: stream crossings, water control structures, seeding/vegetative cover,
stream side management zones, trail/road grade, rutting, gravel/mats, oil spill/trash, and other.

6 The mix of BMP categories comprising each percentage is not identified.



Page 15

Best Management Practice Field Audits: 10 Year Summary Report

Special thanks to . . .
Virginia Department of Forestry

Jim Blackwell
Bill Braford
Brad Carico

Russell Clark
Paul Clements
Blair Dalton
Larry Dunn

Mike Foreman
Dennis Fox
Phil Grimm
Richard Inge
David Jones
H. F. Jones
Buck Kline

Ed Kowalski
Leslie Mace

Dana Malone
David Milby
Bill Miller

Pat Murphy
Kem Pace

Matt Poirot
David Powell
Nelson Shaw
Larry Willis

American Pulpwood Association
Rick Meyer

Bear Island Company
Jim Keese

Darrell Miller

Champion Corporation
Mona Baird
Earl Harrel

Judy Haynie
Bill Monahan

Chesapeake Bay Program
John Barber

Chesapeake Corporation
Bill Day

Dave Ratliffe
Paul Verbyla

Jim Willis

Chesapeake Bay Local Assistance Department
Ron Wood

Columbia Forest Products
Richard Taylor

Consulting Foresters
Brian Edson

Glenn Worrell
Dave Froggatt

Forest Resources Management Inc.
Frank Brooks

Georgia-Pacific Corporation
Anthony Bolen

Sam Folden
Ben Reeves

Glatfelter Company
Denny Bridge

Dick Ertel

Independence Lumber Company
Randall Eller

Mead Corporation
Bernie Smith

Mullican Lumber Company
Terry Porter

Smurfit-Stone Container Corporation
Mike Ballenger

Stone Container Corporation
Ervin Bielmyer
Dave Drexler

Joey Jones

Union-Camp Corporation
Ed Zimmer

Bill Greenwald
Bob Koenig

US Forest Service
Rick Cooksey

Westvaco Corporation
Steve Delappe
John Martin
Eric Smith

Lee Spradlin

and all other past, present, and future  members of the
Virginia Department of Forestry BMP Field Audit Teams.



Virginia
Department of Forestry

Central Office
900 Natural Resources Drive, Suite 800

Charlottesville, Virginia 22903
www.vdof.org

Phone: (434) 977-6555 ; V/TDD (434) 977-6555
Fax: (434) 296-2369

Equal Employment Opportunity / Affirmative Action
All programs, activities and employment opportunities are available to all people regardless
of race, color, national origin, sex, religion, age, disability, political belief, sexual orientation,

and marital or family status.

VDOF P00119 ; 12/2003


